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Buried utilities (e.g. gas, water, electricity, drainage), many installed decades ago, are vital urban support systems.
Their locations are often not well documented, yet accurate location greatly helps replacement, rehabilitation and
maintenance of existing services and is crucial for installation of new utilities: it minimises utility strikes / third
party damage and the huge associated costs of delayed / additional streetworks. Several international standards
and specifications aim to provide guidance on utility surveys to increase client confidence in their accuracy and
repeatability. The most recent specification is PAS (Publicly Available Specification) 128 in the UK for underground
utility detection, verification and location. This paper investigates the impact of PAS128 by comparing trial site
survey results from different utility survey specialists with each other and with the vertical and horizontal accuracies
at trial excavations. While the overall detection level was very good for all companies, the research revealed that
the definition of quality level QLB1 needs to be reconsidered as it was not achieved in many places with respect to
the vertical accuracy. It is recommended that future revisions of PAS128 differentiate between accuracy and
confidence since detection by multiple sensing technologies increases the confidence, but not the accuracy as
suggested by PAS128.
1. Introduction
A vast network of buried utilities exists underneath roads and
pedestrian areas around the world, which need maintenance,
rehabilitation and/or replacement. Najafi (2005) stated that
more than 480 000 km of utility pipelines and cables are laid
globally each year. Combined, the UK buried utilities network
(electricity, water, sewers, gas and telecommunications) exceeds
1·5 million kilometres (Parker, 2008b), necessitating 1·37 million
streetworks by utility companies in 2014–2015 alone (Gallienne,
2016). The problem of incomplete and inaccurate utility records,
and inaccurate detection and location of buried pipes and cables
on site, exacerbates the multiple adverse impacts of utility street-
works arising from traffic disruption and physical disturbance to
a complex road−ground−utility ecosystem, particularly in cases
of unplanned streetworks overruns (McMahon et al., 2006).
Moreover, the problem is getting worse as existing buried infra-
structure ages, maintenance regimes fail to keep up and
demands for services grow, yielding increasing numbers of
utility streetworks operations globally (Metje et al., 2007).
Alongside the social and physical disruption, there are signifi-
cant health and safety risks associated with damage to existing
(unexpected) underground assets, while utility strikes yield enor-
mous direct economic costs and indirect social and environ-
mental costs (Makana et al., 2018; Metje et al., 2015).
The problem of inaccurate, incomplete or outdated information
on buried utility assets, as well as the historical unreliability and
slow-paced location and detection operations, were identified by
Ashdown (2001) as serious barriers to the utility infrastructure
industry and established the need for collaborative research com-
bining the utility industry, government and academia (Parker,
2008a). One such initiative was Mapping The Underworld
(MTU), which aimed to develop a multi-sensor device and
other associated tools to locate, position and record all buried
assets without the need for excavation (MTU, 2013). Established
in 2004, MTU resulted from a number of industry−academe
workshops supported by the Engineering Programme Network
in Trenchless Technology (NETTWORK; see Chapman et al.,
2002; Metje et al., 2007; Rogers and Chapman, 2005; Rogers
et al., 2004) as well as a series of stakeholders’ meetings and
consultations (Burtwell et al., 2003; Thomas et al., 2009). MTU
received its first substantial project funding from the UK
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Government for the multi-sensor device project in 2008 (Royal
et al., 2010). Although the project successfully advanced differ-
ent detection techniques and developed an integrated multi-
device platform, problems remained in terms of inaccurate and
out-dated statutory records and drawings, and variability in
defining the term ‘utility survey’ and hence the level of confi-
dence in the data from different utility surveys. However, parallel
initiatives (development of diploma-level courses for utility
survey practitioners, and the national testing and training facil-
ity designed by MTU and implemented by JK Guest Limited)
and the drive by practitioners to professionalise their industry
all served to advance surveying outcomes significantly (Metje
et al., 2013).
One key issue has always been the lack of a UK standard
for utility practitioners, although standards and specifications
designed to address some of these issues had been developed
and implemented in other countries since 2002. The USA
was the first to standardise surveying practices, where the
American Society of Civil Engineers (ASCE) developed guide-
lines for the collection and depiction of existing subsurface
utility data, known as ASCE 38/02 (ASCE, 2002). This was
driven by the emergence of subsurface utility engineering
(SUE) as a professional discipline, which adopted practices
that aimed to better characterise the quality of subsurface
utility information and manage the associated risks (Zembillas,
2003). Malaysia adopted most of ASCE38/02 (ASCE, 2002) in
its standard, making only minor adjustments to the Malaysian
contractual arrangements in 2006 (JUPEM, 2006). In 2011 the
Canadian Standards Institute published CSA S250-11 (CSA,
2011), which was revised in 2016. In 2013, Australia published
its version of a utility standard: AS 5488-2013 (SA, 2013),
which is currently being updated (SA, 2018). MTU and the
UK industry promoted the need for the development of an
industry standard for underground utility surveying in the UK,
leading to the British Standards Institution developing
a Publicly Available Specification (PAS). In 2014, PAS128
(BSI, 2014) for ‘Underground Utility Detection, Verification
and Location’ was launched in the UK. It aims to provide
1. Clarity in the service provided and methods employed
2. Consistency in the approach to data capture
3. Classification of the results and the confidence that can be
associated with them
4. Standardisation of the format of deliverables and
5. Accountability for the work undertaken.
The specification was developed for use by underground sur-
veying practitioners, geophysicists and subsurface utility engi-
neers, but should also be of interest to other utility streetworks
stakeholders, including utility owners, project managers, con-
tractors and site engineers (Makana et al., 2018). PAS128
closely follows other standards in that it uses four different
quality levels (QL) to differentiate the type of survey carried
out or achieved
& QLA: Verification
& QLB: Detection
& QLC: Site reconnaissance
& QLD: Desktop utility records research
However, in contrast to the guidelines/standards in other
countries, PAS128 goes further by requiring a minimum of two
different techniques – usually ground penetrating radar (GPR)
and electromagnetic locators (EML) – to be used for QLB
(geophysical survey) and stating the horizontal and vertical
accuracies for QLA and QLB. Moreover, it introduced sub-
QLs for QLB (see Table 1) depending on the number of differ-
ent sensing technologies that detected the asset as well as the
received signal strength. The final classification is up to the
professional practitioner, however.
There have been some attempts to quantify the impact of the
guidelines and standards across the world, but most have
focused on quantifying the return on investment (ROI) for car-
rying out a utility survey early in the construction phase.
Examples include Lew (1999), Osman and El-Diraby (2005,
2007) and Sinha et al. (2007), who conducted similar studies
using different methodologies in North Carolina, Ohio,
Texas and Virginia States (USA), Ontario (Canada) and
Pennsylvania (USA), respectively. All reported a positive ROI
with average project cost savings ranging from $1.98 to $22.21
for every $1 spent when SUE investigations were carried out.
However, no research has determined the impact of the stan-
dards and guidelines across the world on the precision, accu-
racy and certainty with which the survey results are reported
and whether they managed to support clients in obtaining
more standardised utility survey results. It should be noted,
however, that local districts and regions in the USA mainly
rely on local policies rather than standards (e.g. ASCE 38/02)
as guidance for the use of SUE (Kraus et al., 2012).
Ashdown (2001) reviewed the outcomes of utility surveys by
geophysical instrument manufacturers on a road junction with a
large variety of buried assets, which was subsequently exca-
vated to verify the buried assets’ locations. The detection rate
ranged between 20 and 80%, yet technologies have moved on
since 2001 and tests performed by equipment manufacturers in
isolation would be expected to be less effective than surveys by
professional surveying companies. Thus to evaluate the impact
of PAS128 (BSI, 2014), MTU invited a number of utility
survey companies to carry out utility surveys at Glen Eyre Hall
in Southampton on a site containing buried utilities beneath
and adjacent to a car park. Proving excavations were carried
out to reveal the subsurface assets and provide ground truth
data at key locations once the surveys had been completed.
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The scope of this paper is to assess the impact PAS128 (BSI,
2014) has made on the survey industry in providing compar-
able results by presenting, analysing and comparing the results
of utility surveys from four different utility survey companies.
The surveys are assessed in relation to the designated QLs in
PAS128 (BSI, 2014) at the trial pit locations and in terms of
how achievable the accuracies defined in PAS128 QLB are,
based on the criteria given in the specification. As such, it is
believed to be the first research of its type evaluating any of
the survey standards across the world.
2. Study site and surveys methodology
The survey area was a 15 m  20 m asphalt-covered car
park with a grass surround on two sides (Figure 1), which
was free of cars during testing. The site was chosen for scienti-
fic and operational reasons, being sufficiently complex at
certain points to require distinction between services and at
other points devoid of services. It is appreciated that more
complex, denser utility arrangements will be encountered in
practice, especially in urban centres, and that this might poten-
tially influence the confidence that surveyors would have in
their survey results, yet any uncertainty, and the reasons for
this uncertainty, would be reported, hence made transparent.
The specified aim was to locate all buried assets and return
the results in PAS128 format. The survey companies were pro-
vided with the statutory utility records (obtained from the
University of Southampton) in advance and could choose
the most appropriate sensing technologies (e.g. manufacturer,
frequency) and grid spacing, but were not allowed to use trial
excavations (QLA) at any stage in support of their surveys.
However, manholes could be lifted at any time. Four com-
panies carried out the geophysical survey and returned their
results with respect to a local grid. Following the analysis of
the commercial subsurface utility surveys, a number of
locations were suggested for trial pit excavations. The aim of
these excavations was to reveal the physical nature of the assets
detected by the subsurface scans and to evaluate whether the
features detected were both complete and accurate. All data
were captured in three dimensions – that is, plan locations and
depths were recorded as related to a site grid. The trial pits
were specifically located to confirm the presence/absence of
recorded features and identify some key feature types.
Figure 2 shows that the survey companies used slightly differ-
ent survey extents as the boundaries of the trial area were not
well defined, and thus to compare on a like-by-like basis a
control area was defined covered by all survey companies.
3. Results of geophysical survey –
comparison between utility survey
companies
Within this control area, the length of each utility type for
each survey company was determined (see Figure 3). It should
Table 1. PAS128 (BSI, 2014) QLs, P for level QLB indicates post-processing
Level Meaning Horizontal accuracy Vertical accuracy
(A) Verified by inspection – trial pit, vacuum excavation, inspection
chamber/manhole
50 mm 25 mm
(B1/B1P) Horizontal and vertical positions detected with multiple
geophysical techniques, GPR and EML
±150 mm or ±15% of detected depth
whichever is greater
±15% of detected
depth
(B2/B2P) Horizontal and vertical position detected with either one
geophysical technique, GPR or EML
±250 mm (or ±40% of detected depth
whichever is greater
±40% of detected
depth
(B3/B3P) Horizontal position detected with only one of the geophysical
techniques used, GPR or EML
±500 mm Undefined
(B4) Assumed route (geophysical survey conducted, but no feature
detected)
Undefined Undefined
(C) Site reconnaissance to match physical features to statutory
records
Undefined Undefined
(D) Desktop utility records search Undefined Undefined
N
Figure 1. Glen Eyre study area. Aerial image courtesy of Google
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Figure 2. Detected utilities for the four different companies (note every image is at the same scale)
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be noted that at this stage, no judgement is made on the accu-
racy of the results – it simply reports the total length of the
assets detected.
Overall, the results are very encouraging with little difference
in the detection of the telecoms and water assets. The biggest
differences were for the drainage and electricity utility network.
The water network is mainly coherent with some minor dis-
agreements in network connectivity. There are very consistent
readings from companies B, C and E for the telecoms
interpretations. The drainage network has a range of observed
lengths differing by up to 43 m (80 m observed by company A
and 123 m from company B) and contains significant diversity
in detection between the companies. Proximity to buildings
appears to be one of the biggest problems for this utility type.
On reviewing the results, it became apparent that some compa-
nies carried out surveys in the flower beds close to the building
while others had not, thereby explaining some of the differ-
ences. The electricity network has a range of observed lengths
differing by up to 149 m (19 m observed by company C and
168 m from company B).
Since the surveys were undertaken over a 9 d period in March
2015, their multi-temporal nature can have the following
impact on detection
& Differences in detection can be affected by subsurface
variations between survey dates (such as variations in
soil-water or temperature). The daily mean temperature
during those nine days varied by approximately 6°C, while
the daily rainfall on the first day was 4·4 mm with no
significant rainfall on any further days.
& Differences in the detection of electricity assets can be as
a result of different loading on the days of the survey,
a factor that was impossible to determine.
In addition, it should be noted that survey companies can
conflate multiple signal responses into a single detection
event during interpretation. Company A clearly stated that ‘a
single line may represent multiple services in the same
location’.
4. Verification (trial pit) excavations
To assess the accuracy of the quality level designations, focus-
ing on QLB1 and QLB2, the location of the trial pits was
designed to provide an insight into some of the key relation-
ships identified by the subsurface survey: to confirm what was
identified and, if possible, to locate features that were not
identified (Figure 4). Not all as-designed trial pits were exca-
vated due to in situ ground conditions, available resources and
time constraints. While most of the relationships in the electri-
city and telecoms networks could still be tested, this did cause
an issue for the verification of some features in the clean and
foul (drainage) water network.
In total, 14 trial pits were excavated and the features exposed
and their attributes were analysed in detail. Where a company
specified a PAS128 quality level (BSI, 2014) the horizontal
uncertainty is represented in the width of the lines in the
0
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Figure 3. Total geometric length in metres by utility type detected by each survey company
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drawings (see Figures 6–10). Details concerning whether the
feature passes or fails its attributed PAS128 QLs are included
in Table 2 for all the excavated trial pits. For example, PAS128
H:T and PAS128 V:F means that the horizontal (H) passes the
PAS128 specification (it is true (T)) while the vertical (V) fails
the PAS128 specification (it is false (F)).
Three trial pits, 2, 8 (combined with 18) and 10, are presented
in more detail in this paper as examples to describe the
analysis and illustrate the findings (see Figures 5, 7 and 9 res-
pectively). Figure 5 shows trial pit 2, which contained water,
electricity and telecoms networks. In Figure 5 the exposed
asset is displayed using a thicker line, while the thinner line
indicates how the exposed asset is extrapolated to the next trial
pit. For the electricity network trial pit 2 is between trial pits 6
and 10 (see Figure 4), each of which contains at least two
interpreted electricity cables. It would be logical to expect
trial pit 2, as an intermediary excavation, to contain two inter-
preted electricity cables. It is also clear from the photographs
that the backfill east of the N–S conduit has only been exca-
vated to the level of the first electricity cables. Hence, it has
been classed as a partially excavated trial pit – that is, it has
been inferred from the photograph (see Figure 5) and hence
it is partially recorded. There is some spatial uncertainty
about the location of the water pipe (V1) from the verification
survey.
Figure 6 shows the detected features for the four survey
companies, where the thickness of the lines indicates the hori-
zontal uncertainty as expressed by the different PAS128 QLs.
All four companies detected the water network. In undertaking
trenching operations, excavation machinery is restricted to
working at a safe distance from a suspected asset. In order
to assess the severity of providing incorrect vertical and/or
horizontal position data from a utility survey, a 500 mm
machine bucket is used to determine risk when excavating and
this is used throughout the paper as an indication of risk,
although smaller bucket sizes are also regularly used, especially
on mini-excavators, so this should be treated as indicative
only. Based on the 500 mm bucket size, all companies provided
adequate planimetric spatial information except company C:
the horizontal position of the pipe located by company C is
too far away. For their stated PAS128 QLs (BSI, 2014) all
companies pass the horizontal and vertical specifications with
the exception of company B, which failed the vertical specifica-
tion. All other companies reported a quality level B2 (QLB2)
while company B reported a QLB1; interestingly, company B
would have passed the vertical specification at a B2 quality
level.
Companies A, B and E detected the electricity network (cables
V2 and V4). Company C did not detect this high-risk electri-
city asset at all. However, there remains some uncertainty with
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Figure 4. Excavated trial pit locations overlying the as-designed trial pits
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the electricity interpretations. The excavation revealed four live
and four earthed cables to the east of the telecoms conduit in
close spatial proximity, yet there is the possibility that there are
more cables underneath. The spatial interpretation of the exca-
vation in the verification survey resulted in two lines represent-
ing these four cables. However, trial pit 2 is the intermediary
pit of a sequence that follows a linear array of telecoms
and electricity assets, pits 6 and 10 being the other pits in this
sequence. Both these latter pits contained at least two lines
representing electricity assets. It is clear that electricity cables
in close proximity may be difficult to differentiate in the sensor
responses.
All four companies detected the telecoms network (conduit
V3). Companies A, B and C detected a single conduit,
while company E detected two discrete conduits. E2 has been
flagged as a misinterpretation based on the misinterpretation
of the telecoms route from trial pit 6. Companies A, B and E
have assigned a PAS128 quality level of QLB1 and each of
these companies pass the horizontal specification, while com-
panies A and E fail the vertical specification. However, if the
spatial accuracy was set to QLB2, both companies would pass
the vertical specification.
Trial pit 8 (see Figure 7) contained water, electricity and
drainage assets, while trial pit 18 was designed to verify the
location of electricity and telecommunications cables. Figure 8
shows the results for all four companies in relation to trial
pits 8 and 18. All four companies detected the water network
(V1). Companies A and E had assigned a PAS128 quality level
of QLB2 and both passed the horizontal and vertical specifica-
tions. Company B had claimed a QLB1 and passed the
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N
Figure 5. Trial pit 2 showing the exposed assets together with the verified depth information and the photos taken on the day
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Figure 6. Location of trial pit 2 with the detected features and verified, by excavation for (a) company A, (b) company B, (c) company C and (d) company E
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horizontal specification, but failed the vertical specification;
however, company B would have passed the vertical speci-
fication at QLB2. All four companies detected the electricity
network (V2). Only one cable was observed in the verification
excavation and this was interpreted with a single line
(V2). Companies A, B and E had a stated PAS128 QLB1.
Interestingly, all companies failed the vertical specification,
yet all would have passed the vertical and horizontal specifica-
tion at a QLB2. Company B detected a further cable (B0)
which should have appeared in this excavated trench, and yet
the trench might have needed to be extended further to the
east to reveal this feature if there was some horizontal inaccur-
acy. Hence, there is still some uncertainty surrounding whether
this feature was correctly detected or not. Given the high risk
associated with these feature types, this omission could have
significant consequences.
No company detected the drainage network (V3), and thus for
a 500 mm machine bucket no company provided adequate
spatial information. On the basis of orientation, it is likely that
this feature connects to the other drainage network feature
revealed in trial pit 7, and therefore it is surprising that no
company detected this extensive feature.
Companies A, B and E detected the electricity network
(cables V4 and V6). Company C, however, did not detect this
high-risk electricity network. There remains some uncertainty
with the electricity interpretations. The excavation revealed live
and earthed cables on either side of the N–S route of the tele-
coms conduit (V5) in close spatial proximity, yet there is the
possibility that there are more located underneath. The spatial
interpretation of the excavation in the verification survey
resulted in two lines representing the cables. It is clear that
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Figure 7. Trial pits 8 and 18 showing the exposed assets together with the verified depth information and the photos taken on the day
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Figure 8. Location of trial pits 8 and 18 with the detected features and verified, by excavation for (a) company A, (b) company B, (c) company C and (d) company E
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electricity cables in close proximity may be difficult to
disambiguate in sensor responses and, given such ambiguities,
a PAS128 analysis is inappropriate. All four companies
detected the telecoms network (conduit V5). All companies
except company C designated this feature as a PAS128 QLB1
and all companies were within horizontal and vertical
specification.
Trial pit 10 (see Figure 9) contained telecoms, electricity and
drainage assets and appears to be partially excavated and par-
tially recorded. The eastern side of the excavation beyond the
telecoms conduit (V1) revealed the collection of four electricity
cables, but nothing lower; hence, it has been classed as par-
tially excavated. The location of the drainage pipe (V5) was
not recorded in plan; rather it has been inferred from the
photograph (see Figure 9) and hence it is designated as par-
tially recorded.
Figure 10 shows the results for the four survey companies.
All four companies detected the telecoms network (V1).
Companies A, B and C detected a single conduit, while com-
pany E detected two discrete conduits. E0 has been flagged
as a misinterpretation based on the misinterpretation of the
telecoms route from trial pit 6. Companies A and B have
claimed a PAS128 QLB1 and, while each of these companies
passes the horizontal specification, both fail the vertical specifi-
cation. However, if the spatial accuracy was set to QLB2 both
companies would pass the vertical specification. Company E
has claimed a PAS128 QLB2; in this case it passes the horizon-
tal specification, but fails the vertical specification.
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Figure 9. Trial pit 10 showing the exposed assets together with the verified depth information and the photographs taken on the day
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Figure 10. Location of trial pit 10 with the detected features and verified, by excavation for (a) company A, (b) company B, (c) company C and (d) company E
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Table 2. Summary of test pit data and compliance with PAS128
Trial hole Asset Type Verified material
Depth
(verified):
A B E
number mm H V Depth: mm H V Depth: mm H V Depth: mm
1 and 17 V1 Telecoms Plastic – Conduit 500 B1 T T 500 B1 T F 400 B1 T T 550
V2 Telecoms Plastic – Conduit 500 B1 T T 500 B1 T T 500 B1 T T 550
V3 Unknown Metal – Pipe 900 N/A N/A N/A N/A B1 T T 900 N/A N/A N/A N/A
V4 Water Metal – Pipe 1050 B2 F T 800 B1 T F 800 B2 T T 1120
V5 Electric Metal – Cable 750 B2 T T 600 B1 T F 600 B1 T T 810
2 V1 Water Cast iron – Pipe 1050 B2 T T 1100 B1 T F 800 B2 T T 930
V2 Electric Cables 550 B1 T T 500 B1 T T 500 B1 T F 325
V3 Telecoms Plastic – Conduit 550 B1 T F 350 B1 T T 500 B1 T F 430
V4 Electric Cables 550 B1 T T 500 B1 T T 500 B1 T T 550
3 V1 Water Cast iron – Pipe 940 B2 F F 1100 B1 F F 750 B4 N/A N/A N/A
4 V1 Telecoms Plastic – Conduit 150 B1 F F 190 B1 T F 700 B2 T T 150
V2 Telecoms Plastic – Conduit 150 B1 T F 190 B1 T F 700 B1 T T 150
V3 Water Plastic – Pipe 600 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
V4 Water Cast iron – Pipe 850 N/A N/A N/A N/A B1 T F 600 B2 T T 950
V5 Gas Plastic – Pipe 500 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
V6 Electric Metal – Cable 450 B1 T F 230 B1 T T 500 N/A N/A N/A N/A
V7 Telecoms Plastic – Conduit 400 B1 T F 200 B1 F F 300 B1 T F 250
5 V1 Telecoms Plastic – Conduit 200 B1 F F 380 B1 T F 400 B1 T F 500
V2 Telecoms Plastic – Conduit 200 B1 F F 380 B1 T F 380 B1 T F 440
V3 Telecoms Plastic – Conduit 280 B1 T T 220 B1 T F 500 B2 T T 250
V4 Telecoms Plastic – Conduit 280 B1 T F 220 B1 T F 500 B2 T T 250
V5 Water Plastic – Pipe 650 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
V6 Water Plastic – Pipe 1150 N/A N/A N/A N/A B1 T F 900 B3 T T 1000
6 V1 Electric Cables 500 B1 T T 350 B1 T T 500 B2 T T 450
V2 Telecoms Plastic – Conduit 430 B1 T T 350 B1 T T 400 B1 T T 380
V3 Electric Cables 500 B1 T T 350 B1 T F 300 B2 T T 450
V4 Telecoms Plastic – Conduit 600 B1 T T 500 B1 T F 400 B1 T T 535
V5 Telecoms Plastic – Conduit 600 N/A N/A N/A N/A B1 T F 450 B2 F T 480
7 V1 Telecoms Plastic – Conduit 400 B1 T T 450 B1 T T 500 B1 T T 500
V2 Telecoms Plastic – Conduit 400 B1 T T 450 B1 T T 400 B2 T F 480
V3 Water Ceramic – Pipe 500 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
8 and 18 V1 Water Cast iron – Pipe 780 B2 T T 700 B1 T F 600 B2 T T 790
V2 Electric Cable 680 B1 T F 500 B1 T F 500 B1 T F 490
V3 Water Ceramic – Pipe 500 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
V4 Electric Cable 450 N/A N/A N/A N/A B1 T T 400 B2 T T 490
V5 Telecoms Plastic – Conduit 400 B1 T T 400 B1 T T 400 B1 T T 440
V6 Electric Cable 450 B1 T F 150 B1 T F 600 N/A N/A N/A N/A
10 V1 Telecoms Plastic – Conduit 240 B1 T F 300 B1 T F 200 B2 T F 330
V2 Electric Cables 240 B1 ? F 300 B1 T F 300 B1 T F 360
V3 Electric Cables 240 B1 ? F 300 B1 T F 300 B1 T F 360
V4 Electric Cables 240 B1 ? F 300 B1 T F 400 B1 T F 360
V5 Water Ceramic – Pipe 330 B1 F F ? B1 F F ? B1 T F 410
(continued on next page)13
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Companies A, B and E detected the electricity network
(cables V2, V3 and V4). Company C did not detect the high-
risk electricity network. However, there remains some uncer-
tainty with the electricity interpretations: the excavation
revealed four live and four earthed cables to the east of the
telecoms conduit in close spatial proximity, but there is the
possibility that there are more located underneath. The spatial
interpretation of the excavation in the verification survey
resulted in three lines representing these four cables. This
network extends into trial pit 2 followed by trial pit 6. The
verification survey interpreted one line and two lines, res-
pectively. This reinforces the observations made earlier that
electricity cables in close proximity may be difficult to disam-
biguate in sensor responses and that a PAS128 analysis is
inappropriate.
It should be noted that there is some spatial uncertainty about
the location of the drainage pipe (V5) from the verification
survey. Companies A, B and E detected the drainage network,
while company C did not. Moreover, in relation to a 500 mm
machine bucket only company E provided adequate plani-
metric spatial information, while in relation to the stated
PAS128 QLs only company E passes the horizontal speci-
fication. Indeed, at a quality level of QLB2 all other compa-
nies still fail.
Table 2 shows the analysis of all the trial pits with respect
to whether an asset was verified and whether the PAS128
(BSI, 2014) quality level designation was achieved. Overall, it
became apparent that most assets were detected successfully,
but that the accuracy associated with a QLB1 designation was
often not achieved for the vertical location, while a QLB2 level
accuracy would have been achieved in most places. This puts
into question the definition in PAS128 on the QLs, since the
detection of a feature by two different sensing technologies
does not necessarily increase the accuracy, as suggested by
PAS128, but increases the confidence that a utility service
exists beneath the surface at that point. Therefore, on the basis
of this observation it is recommended that a differentiation is
made between accuracy and confidence in any future revisions
of PAS128.
The data were also analysed with respect to the completeness
and accuracy of the feature. Analysis was carried out for every
verification trial pit, where the focus was on the ‘error of com-
mission’ and the ‘error of omission’. An ‘error of commission’
is described explicitly as a detected feature, which is not veri-
fied by the trial pit excavations. An ‘error of omission’ is not
including detected features that do exist. While errors of com-
mission can have potentially serious consequences, they gener-
ally come with a ‘health warning’, inasmuch as they are likely
to suggest that something lies in a corridor and it would be
wise to check whether it does indeed appear to be presentTa
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before engaging on an activity nearby. Errors of omission are
potentially more serious since there is no such ‘health warning’
and a tendency to complacency might exist. Overall, six errors
of omission features were found:
& E1 – an electricity cable observed in trial pit 10
& E2 – an electricity cable observed in trial pit 12
& D1 – a drainage pipe observed in trial pit 8
& W1 – a water pipe observed in trial pit 4
& W2 – a water pipe observed in trial pit 5
& G1 – a gas pipe observed in trial pit 4
E1 is a reflection of the way electricity cables are visualised,
and this is discussed in greater detail in the following section.
E2 is a true omission. Company B did detect this feature, but
no other company detected it. It is possible that this feature
was only detected by company B due to anomalous loadings
on the cable at the time of survey. This is a significant omis-
sion due to the risks associated with utility strikes involving
electricity cables. Likewise, D1 is a true omission, although
in this case no company detected the drainage feature in trial
pits 7 and 8. While some companies detected the part of the
surface water sewerage feature in the observation chamber (a
visual inspection), this feature was reported as blocked.
Furthermore, there was no surface scarring associated with the
drain, which could have provided a visual clue on the exis-
tence of the feature. This has an interesting implication: the
interpretation by the utility companies may not be completely
objective in terms of the geophysical data – companies may,
and indeed should, be influenced by observed features (such as
surface scarring, surface utility furniture, access to subsurface
observation chambers etc.), whereas the converse is also poss-
ible: if there is no visual feature, and the sensors indicate there
is nothing present, then false confidence may preclude further
searching. This needs further exploration with the survey
companies. In this case, a slightly different variation on this
tendency might arise: it may be that a blocked feature means
that any further signal anomalies are ignored. W1, a small
diameter plastic water pipe, W2, a plastic water pipe and G1,
a plastic gas pipe, are true omissions as no company detected
these features, and the latter omission has the most severe
potential consequences. Two trial pits contained errors of com-
mission. Proximity to buildings appears to be one of the
biggest problems for drainage asset types.
5. Discussion
There are several different interpretations associated with elec-
tricity cables. It is clear that companies B and E have identified
the majority of electricity assets, while company B has detected
all the electricity features in the verification survey and com-
pany C has significantly under-represented the electricity
assets in its survey results. Moreover, there was significant
diversity in feature representation by the different companies.
Company B provided the most representative results in
terms of the excavated trial pits and company C the least
representative. The differences are likely due, in part, to the dif-
ficulty of discerning more than one co-located cable as discrete
assets.
There is significant diversity in the detection of the drainage
network between survey companies. This does indicate uncer-
tainty in detection. This is compounded by the excavation of a
surface water sewerage pipe that was not detected by any
survey company. Further excavation would be needed to test
the reliability of drainage detection, yet there is evidence that
the unwarranted connection between surface and buried
features can result in errors just as much as if surface
features are overlooked. This requires a particular rigour in
reporting what is known, what is strongly implied on the basis
of data, and what is assumed on the basis of logic or
supposition.
There is strong agreement between the companies on the
location of the telecom ducts. While the shape of the network
is generally agreed by all companies, there were differences in
the number of telecom ducts detected by the sensors during
the survey. However, this should have no material impact
on the excavation strategy, since they were closely co-located,
as long as those responsible for excavation are sufficiently
aware to explore either side of a duct that is exposed: thinking
there is one from a survey and finding one in the edge of an
excavation does not mean that there is no parallel duct on the
other side. There is equally the possibility that the accuracy of
the identification of telecoms might relate to the use of obser-
vation chambers. In such a scenario, the interpretation could
be based on sensor observations remote from the chambers –
that is, known locations (observed in observation chambers)
are joined by subsurface detection. The indication is that all
companies can detect telecom features reliably.
The water network is mainly coherent with some minor dis-
agreements in network connectivity. The major issue was the
lack of detection of the small diameter plastic pipe observed in
trial pits 4 and 5.
Overall, it is evident that there is good agreement between the
different survey results suggesting that the introduction of
PAS128 (BSI, 2014) has had a positive impact on the industry.
This was also confirmed by experience from industry, for
example where practitioners stated that the success in detection
and location of buried utilities tripled at Heathrow Airport in
an area that has been previously mapped and was previously
assumed to have excellent information (BSI, 2016). The biggest
differences appear to be in the detection of electricity and drai-
nage assets.
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However, when looking into more detail in the PAS128
quality level specifications, it became apparent that the ver-
tical accuracies according to QLB1 were rarely achieved.
Nevertheless, it is worth noting that if the designated quality
level had been changed to QLB2, most assets would have been
detected with the associated horizontal and vertical accuracies.
This suggests that survey companies need to assess more care-
fully their confidence when assigning a QLB1 to the detection
of an asset as this confidence might not be reflected in reality.
Moreover, the definition for QLB1 in PAS128 needs reviewing.
Having two different technologies providing a strong signal
indicating the detection of a buried feature increases the sur-
veyor’s confidence in the detection of this asset, but does not
increase the accuracy as each technology has its own accuracy
depending, for example, on frequency, soil type and conditions,
asset size and material. Accuracies as defined in QLB2 would,
in most cases, provide safe mechanical digging (assuming a
bucket width of 500 mm). However, where there is limited space
within the subsurface and for future designs, a greater location
accuracy, such as suggested by QLB1, might be desirable.
Detection of drainage assets seemed to be a particular
problem close to buildings. The methodologies used for detect-
ing drainage close to buildings by survey companies need to be
reviewed. It should also be noted that all survey technologies
based on sending an electromagnetic signal through the
ground are affected by different ground conditions (type of
soil, water content), especially with respect to determining the
accurate depth of the asset. Survey equipment is calibrated for
average conditions – for example, average velocity for ground-
penetrating radar (GPR), and this is sometimes regarded as
‘good enough’. This issue can be overcome by testing the
ground conditions at the time of survey (Curioni et al., 2017)
or by checking the detected depth against the measured depth
at all inspection chambers and adjusting the detected depths
accordingly. Nevertheless, the issue of increased confidence
against increased accuracy, which is conflated in PAS128,
remains. Another issue highlighted by the practitioners is that
depths are commonly rounded down to the nearest decimetre
on the premise that showing a shallower depth is safer than
showing a deeper depth. This is a valid point, however, the
issue with the definition for QLB1 remains and, ultimately it is
up to the practitioner to assign the appropriate quality level
according to PAS128 (BSI, 2014).
More recently, not only is the location of the buried assets
cited as being important to asset owners, but also the con-
dition of the assets to help identify the most appropriate inter-
vention methods. Accordingly, the Assessing The Underworld
(ATU) project researched techniques to monitor remotely
the condition of buried utilities (see Figure 11; ATU, 2018;
Rogers, 2015). It did so by using the geophysical tools com-
bined in the MTU multi-sensor platform to assess the
condition of the buried utility infrastructure (pipelines and
cables), the geotechnical infrastructure (the ground in which
the utility services are buried), and the surface transport infra-
structure (roads and pedestrian areas beneath which the utili-
ties are buried; Rogers et al., 2012). It also advanced
appreciation of how to make underground utility streetworks
operations more sustainable by developing a proof-of-concept
decision support system (DSS), to integrate the information
from utility surveys with the utility service companies’ records
in a single, integrated and searchable platform (Clarke et al.,
2017). In addition, a sustainability evaluation system set within
a value-based asset management framework, was developed
and tested to assess the wider long-term costs and impacts of
underground utility streetworks operations in urban areas
(Hojjati et al., 2016, 2017, 2018). All of this led ultimately to
better understanding the engineering context of the next-gener-
ation underground utility infrastructure (Rogers et al., 2017).
Furthermore, the newly published PAS256: Buried Assets –
Capturing, recording, maintaining and sharing of location
information and data – Code of practice (BSI, 2017) was
developed, as a result of extensive input and collaboration
from the industry stakeholders, in line with PAS128 to improve
data management for, and in turn engineering practices related
to, buried underground utility assets.
6. Conclusions and recommendations
Four geophysical survey companies provided comprehensive
datasets resulting from a trial during a 9 d period in March
2015 to detect all buried assets on a small car park at the
University of Southampton. Based on their results, a control
area was determined for which all companies provided results.
The results were compared with each other and also with the
as-built information obtained from 14 trial pits. In addition,
compliance with the PAS128 QLs was assessed for the exca-
vated assets.
Overall, it is very encouraging that there is a good agreement
for the different utility types detected by the four survey com-
panies. The results showed that there was good agreement in
terms of length of utility service detected by all companies for
the water and telecoms networks. The biggest differences
observed were for the drainage and electricity utility networks.
The investigation showed that an electricity cable and a drai-
nage pipe remained undetected (with the exception that a
single company detected the electricity cable). The electricity
network had a range of observed lengths that differed by up to
149 m. When looking at the difference in the detection of
the electricity cables, it became clear that there were different
interpretations associated with this utility type, while the poss-
ible reason that only one survey company located the otherwise
undetected electricity cable was that it was only subjected to a
significant electrical load on the day that that company
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surveyed; without such a load it would have remained ‘invis-
ible’ to the sensors. There was also significant diversity in
feature representation by the different companies. Moreover,
some companies conflated electricity cables in close proximity
to one asset, which explains the difference in the physical
length detected by the different survey companies.
Investigating the compliance with PAS128 QLs was revealing:
in most cases where a QLB1 was designated for the detected
asset, this was not achieved, though with better compliance for
horizontal as opposed to vertical accuracy (the accuracy cri-
terion for which was frequently not met), while a QLB2 desi-
gnation would have been achieved in almost all of these cases.
For the next review of PAS128, the accuracy definitions for the
different QLB levels should be reconsidered in light of the
findings from this trial and discussions with the practitioners
should elicit why it is difficult to achieve the stipulated accu-
racies in the vertical dimension.
Overall, the introduction of the PAS128 standard seems to
have had a positive impact on the utility survey industry based
on the findings reported herein combined with additional case
studies. Therefore, industry should initiate some work on the
achievability of QLB1 and reflect whether the criteria for
assigning a QLB1 according to PAS128 are appropriate.
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